An estimated 289 000 maternal deaths occurred globally in 2013. 1 Although this represents a significant reduction since 1990, the mortality rate in low-and middle-income countries (LMIC), concentrated in sub-Saharan Africa and south Asia, remains disproportionately elevated. The maternal mortality ratio (maternal deaths per 100 000 live births) in LMICs is 14 times higher than in high-income countries (HIC). Major obstetrical emergencies are highly prevalent in LMICs and require prompt intervention, as the majority of deaths occur during or immediately after childbirth. 2 Further improvements in mortality rates hinge partly on improved access to emergency obstetric care, including safe resuscitative, surgical and anaesthetic care. Indeed, caesarean delivery has been defined as an essential surgical service and there is currently an unmet need for access to safe surgical delivery by a wide margin in LMICs. 3 Several factors inherent to LMICs limit the provision of ideal emergent maternal and neonatal care. Delayed patient transfer to appropriate levels of care is a significant obstacle to the timely management of obstetrical emergencies in these regions. Unfortunately, resources can vary immensely within and between levels of care at a regional level and even more so within and between different countries. The World Health Organization (WHO) has outlined minimal structural, supply, and human resource requirements for health-care facilities of all levels. 4 However, limited resources coupled with ubiquitous staffing, equipment, and drugs and disposables shortages present a great challenge to anaesthesia providers called to care for obstetrical patients in such environments. Indeed, anaesthesia providers may face different conditions on a day-to-day basis. Daily practice in LMICs differs greatly from that in HICs and requires flexibility and resourcefulness, while operating within a basic framework for the delivery of safe emergency obstetric care.
Clinical vignette no. 1
A 25-yr-old gravida 3 para 2 woman at 39 weeks of gestation is brought to the nearest health clinic in Rwanda's eastern province. Spontaneous labour had started at home the day prior. This has been complicated by the acute onset of severe abdominal pain, and she loses consciousness at the local health centre. The patient has a history of prior caesarean delivery,
Key points
• Maternal mortality rates are disproportionately elevated in low-and middle-income countries (LMICs) when compared with high-income countries.
• Maternal deaths in LMICs are frequently a direct result of pregnancy and childbirth.
• There are several barriers to safe obstetric anaesthetic care in LMICs.
• Single-shot spinal is the safest anaesthetic choice for caesarean delivery for most patients.
• Management of obstetric complications requires resourcefulness and flexibility while maintaining a focus on safety. The 'three delays' framework
The 'three delays' model defines three specific time points when women are delayed in obtaining care for obstetric complications and is a useful framework for analysing barriers to care in LMICs. 5 The first delay occurs when the decision to seek health care is made within an inappropriately long time frame. This is the result of poor health-related literacy, gender inequality, past experiences with the health-care system, and the often substantial financial burden of seeking treatment. Delay in reaching a health-care facility represents the second level of barriers to receiving care in this model. Large segments of population in LMICs are located in remote locations, at significant distances from any level of facility, and the logistics of transporting critically ill patients to acute care centres are complex and time consuming. The third delay concerns obtaining appropriate care once a health-care facility is accessed. Identified problems at this level include delay to surgery for infrastructural and staffing reasons, lack of disposables and blood supplies, and referral to higher level centres. 6 Systems for emergency referral are known to be widely dysfunctional; transportation times may be excessively long, and critically ill patients may not be adequately prioritized for transport. A significant issue consists in lack of adequate obstetric emergency management skills. In some regions, district hospitals are often staffed with new medical school graduates with limited clinical experience and training. This may result in delays in recognizing and treating life-threatening emergencies, but it is difficult to measure the impact on outcomes given that data-recording systems are often poor or non-existent.
Causes of maternal deaths in LMIC
Although reliable data on the individual causes of death are difficult to obtain, available evidence suggests that maternal deaths in LMICs are most commonly a direct consequence of pregnancy and childbirth. Haemorrhage is the leading cause of death in these regions, followed by hypertensive disease of pregnancy, sepsis, and obstructed labour. 7 Unsafe abortion is also an important contributor to maternal morbidity and mortality. This is in contrast to the current situation in HIC, where indirect causes (i.e. maternal comorbidities) and other direct causes, such as anaesthetic and surgical complications, are more prevalent. As a result of cumulative delays in obtaining medical care, patients tend to present in a state of emergency that is far more advanced than what health-care providers in HICs are accustomed to. The spectrum of maternal co-existing disease is also different in LMICs when compared with HICs, although data demonstrating contribution to maternal deaths is again poor. The human immunodeficiency virus (HIV) is a particular risk to women in sub-Saharan Africa.
2 Pregnant women infected with HIV are susceptible to disease progression, HIV-related infections such as tuberculosis, and HIV-associated non-infectious disease, such as anaemia. 8 They are also at greater risk for pregnancy-and childbirth-related complications and death. Pregnant women in LMICs are in addition vulnerable to other infectious disease, such as malaria, and malnutrition.
Anaesthesia providers in LMICs must be aware of the interaction of these disease processes with pregnancy to customize anaesthetic plans to the needs of their patients.
The anaesthesia provider as a part of the obstetric care team
A skilled anaesthesia provider is a valuable resource, well placed to support efforts to reduce maternal morbidity and mortality by supporting acute care and critical surgeries. In LMICs, a provider may be a physician, a nurse, or a specially trained technician. Even basic anaesthesia training focuses on technical resuscitation skills, systematic patient assessment and treatment, and anticipation of complications and lifethreatening emergencies. Accordingly, the anaesthetist brings to the health-care team knowledge of the physiology of pregnancy and of the impact of significant comorbidities, along with the ability to identify acute pathology that will affect patient outcomes. Comprehensive maternal care thus rests on involving the anaesthetist as a key part of the obstetric care team.
Involving an anaesthesia provider as soon as possible, even before transfer of a critically ill patient, may reduce the third delay to appropriate care. Early bidirectional communication between the anaesthetist and obstetric counterparts should be of prime importance within every institution and can easily be incorporated into locally relevant emergency care protocols. The inclusion of the in-house anaesthetist in daily labour ward briefings may also be useful in allowing the team to identify and prepare for impending problems. The anaesthesia provider could be involved in decision-making regarding specific interventions, transfers, and referral to appropriate levels of care. Although there exist few data to this effect, more rapid and effective obstetric care should follow from seamless and standardized communication within and between health-care teams.
Clinical vignette no. 2
A 20-yr-old gravida 1 woman at 32 weeks of gestation from a northern district of Zambia arrives at the local health centre with heavy vaginal bleeding. Her family reports that she complained of severe headaches during the past week. She has significant lower limb oedema, and blood pressure is 186/100 on arrival, despite an estimated blood loss of 1 litre. Prioritized in the differential diagnosis are severe preeclampsia and Hemolysis, Elevated Liver enzymes, and Low Platelets (HELLP) syndrome along with abruptio placenta. She is brought to the operating room for an emergency caesarean section, given the ongoing haemorrhage. There is no physician anaesthesia provider at this health centre.
The challenges of safe anaesthetic care in LMIC
Safe anaesthetic care is essential to facilitate safe surgical care, no matter where a procedure takes place. Anaesthesia carries the risk of major morbidity and mortality, and pregnant patients in LMICs are at higher risk of suffering an anaesthesiarelated adverse event than their counterparts in HICs. A recent study has shown that, in LMICs, 1 in 7 maternal deaths following caesarean section can be attributed to anaesthesia, compared with a case fatality rate between 3.8 and 6.5 per million in the USA. 9 Specific risk factors include exposure to general anaesthesia and administration of anaesthesia by non-physician providers. As in HIC, failure of airway management and pulmonary aspiration remain a particular risk in pregnant patients in LMICs.
The conditions in which anaesthesia providers practice in LMICs are unimaginably variable. Variability is encountered between countries, within the same country, and even day to day in a single institution. Electricity, water, and medical gas, including oxygen, supply can be unreliable. Anaesthesia workstations can be found in a state of disrepair owing to lack of parts for replacement, and monitors can be broken or missing. Disposables, such as tracheal tubes and needles, are often precious commodities. In the most austere environments, severe drug shortages will leave the anaesthesia provider with little means to treat patients. Nursing staff may be unable to provide assistance because of lack of training and experience. Most importantly, health-care providers with a variety of training backgrounds may be called upon to provide anaesthetic services. Depending on the country and the region, the anaesthesia provider could be a nurse or a technician with limited training. As in the vignette earlier, some health centres will not have access to an anaesthesia provider, and other untrained staff, such as nurses, may have to act in that capacity, with the attendant potential risk.
Choice of anaesthetic for caesarean delivery
Principal anaesthetic goals for caesarean operative delivery are the maintenance of utero-placental perfusion and of fetal oxygenation until delivery. Single-shot spinal is the most economic and safe anaesthetic choice for the vast majority of patients in LMICs, as in HICs and in the absence of contraindications. Serious complications associated to neuraxial anaesthetics are rare; however, one of the most common adverse events was found to be high neuraxial block in a 2014 study. 11 Anaesthesia providers practising neuraxial anaesthetics should be trained and prepared to manage this and other more frequent complications, namely hypotension. In the situation where bupivacaine is not available, it seems reasonable to use lidocaine as an alternative local anaesthetic. The benefits of avoiding a general anaesthetic may outweigh the risk of neurological toxicity; the incidence of transient neurological symptoms after lidocaine spinal may be reduced in parturients undergoing caesarean section compared with other populations. 12 Given adequate training and preparation, there are currently no data showing that safety outcomes differ between general anaesthesia and regional anaesthesia for caesarean delivery. 10, 13 In LMICs, oxygen, drug, airway equipment, and personnel shortages can be significant barriers to the provision of a safe general anaesthetic. A neuraxial technique, however, may be contraindicated, as in the patient above, who most probably has a profound coagulopathy. General anaesthesia may be the only choice in an emergency. A commonly used technique in resource-limited environments is i.v. ketamine anaesthesia, with an initial dose of 1-2 mg kg À1 and supplemented as needed. Haemodynamic stability and maintenance of airway reflexes and ventilation are pharmacological properties of ketamine that make it a useful agent in this context. Data regarding the safety of ketamine anaesthesia are sparse, but a survey of almost 13 000 administrations revealed only one cardiac arrest and one death. 14 A major caveat is the risk of aspiration if a definitive airway is not secured.
Management of haemorrhage in LMICs
Limited or non-existent availability of uterotonic agents and blood products in LMICs can make the management of peri-or postpartum haemorrhage a challenge in these environments.
Surgical and medical causes of bleeding must be addressed as soon as possible. Clear, bidirectional communication between the surgical and anaesthesia providers is of prime importance. If possible, normothermia should be maintained in order to limit coagulopathy. When no blood products are available, resuscitative efforts may rely on crystalloid fluids and vasopressors as needed. Epinephrine may be the only vasopressor option and can be used in small boluses, starting with 10 lg, to treat shock. If available, oral or rectal misoprostol is a useful uterotonic agent in LMICs 15 , although generally an off-label use.
It is inexpensive, fairly effective, and does not require refrigeration, in contrast to commonly used uterotonics in HICs.
Clinical vignette no. 3
A 21-yr-old gravida 1 woman with a healthy term pregnancy is in a prolonged second stage of labour. She is labouring at a district hospital in the Armenian countryside where there is an anaesthetist on call 24 h per day but where material resources are limited. She requires an assisted vaginal delivery because of fetal malpositioning but is exhausted and in severe pain after a long labour.
Labour analgesia in LMICs
Access to pain management is a human right. There are no other circumstances where it is considered acceptable for an individual to experience untreated severe pain amenable to safe intervention while under a physician's care. 16 In many LMICs, establishing an epidural service or using parenteral agents for labour analgesia is desirable but often improbable and unrealistic owing to both high cost and human resource requirements.
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Whereas epidural analgesia has become the gold standard in HICs, women in LMICs should ideally have access to other options for labour analgesia, should they so choose. Analgesia may also be indicated for painful procedures, such as assisted vaginal delivery or vaginal repairs. When human and material resources are available, lowdose single-shot spinal is a simple means of providing analgesia during the second stage of labour. Complications are infrequent, including clinically significant hypotension and motor block, given that sympathectomy is limited with a sacral block. A dose of 7.5 mg of hyperbaric bupivacaine is sufficient to produce this block if the patient is kept in a seated position for a few minutes after intrathecal injection. Fentanyl at a dose of 10-25 lg may be added to potentiate the effect of the local anaesthetic. Fetal drug transfer is minimal with this technique. In a recent study of single low-dose spinal analgesia in 332 patients, there were no episodes of hypotension requiring ephedrine treatment and no occurrences of motor block prohibiting ambulation. 18 Fetal bradycardia requiring resuscitation did, however, occur in 4% of patients. Nursing staff should be available to monitor maternal and fetal vital signs for at least 15 min from spinal administration and to assess ambulation as required. In the end, analgesic modalities should be chosen that are consistent with the institutional resources and that are acceptable to the local patient population.
Standardized care protocols improve patient safety and quality of care
Standardized care protocols are increasingly being used in complex health-care settings. These protocols serve to streamline safe teamwork and promote optimal delivery of care for each Safe obstetric anaesthesia in LMICs patient. Data from HICs show that systematic implementation of care protocols leads to improved patient outcomes. 19 Maternal morbidity and mortality in LMICs could be positively impacted by the systematic use of the WHO surgical safety checklist and of protocols for situations ranging from uncomplicated caesarean delivery to labour analgesia and to lifethreatening emergencies, such as postpartum haemorrhage. 20 In recent years, the WHO has made an evidence-based safe childbirth checklist available online, and research investigating the relationship between the adoption of the checklist and patient outcomes is on-going. In the end, to be effective, protocols should be simple, process focused, and adapted to the availability of local or institutional resources.
Conclusion
Although there has been a global trend toward decreasing maternal mortality rates, there remains a large disparity between LMICs and HICs. Increasing capacity for treating surgical disease in LMICs is essential to reduce existing inequities. There are several barriers to providing safe obstetric anaesthetic care in these regions, but anaesthesia providers, as essential members of the obstetric care team, are well placed to support positive outcomes at different levels. Although resources in LMICs are extremely variable, providers can advocate for individual patients and for institutional, local, and regional system improvements with a focus on safety and best possible obstetric anaesthetic care.
